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Material - Aluminum - 2024-T6

Effect of Artificial Aging on Rivet Strengths

Abstract

Conventional "ice-box" stored as quenched 2024 aluminum alloy rivets are
troublesome in production because of their instability at room temperatures.
The instability results from natural aging and resulting hardening which
interfers with rivet usefulness. Artificial aging at some elevated
temperature was considered as a means for stabilizing rivet properties
throughout their production and use. Preliminary tests indicated that
satisfactory material properties could be developed in 2024 rivets by

aging them at 398*F for 3-3/4 hours, however, question remained regarding
the reproducibility of artificial aging results with commercially'produced
2024 aluminum alloy rivet wire. A lengthy test program involving a wide
variety of rivet and rivet joint configurations was conducted to verify the
validity of the artificially aged rivet and its reproducibility in practice.
These tests indicated that the properties spread resulting from a combina-
tion of composition, aging, and use conditions resulted in inconsistency in
joint behavior, and consequently the artificially aged 2024 aluminum rivet
was abandoned.

References: 1. Stier, H. H., Langford, G. J., Turner, H. C., "Test of
Artificially Aged 2024 Aluminum Alloy Rivets," General
Dynamics/Convair Report MP 57-922, San Diego, California,
20 June 1958 (Reference attached).

2. Miller, R. A. Steurer, W. H., "Test of Artificially Aged
2024 Aluminum Alloy Rivets," General Dynamics/Convair
Report MP 57-922, App.I, San Diego, California, 28 January
1959 (Reference attached).
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FOREWORD

During the past 1 1/2 years the Structures Design Group has submitted seven teat
requests* to the Materials and Processes Laboratory to obtain data relative to
the substitution of over-aged 2024 aluminum alloy rivets for "ice box" rivets.
Except for the original preliminary survey (see Report No. 56-191), no formal
report was made for any of the subsequent test requests due to the continuous
pressure for obtaining additional data as quickly as possible to expand or com-
plete the picture being developed.

Rejection by CAA of Convair's original application for permission to use over-
aged rivets in restricted areas of the Convair 440 created the need for a rapid
increase in experience with this rivet if an early second application was to be
submitted before phase-out of the 440 program.

Since CAA decided to demand a wider scope of data than was specified when the
idea of over-aged rivets was originally presented to them, the Convair Structures
Design Group asked that many more combinations of rivet sizes, rivet head shapes
and sheet sizes be investigated as soon as possible. The new demands emphasized
countersunk rivets which proved to be the greatest stumbling block in this pro-
ject. To determine the optimum conditions for sufficient joint strength without
excessive shop head cracking, various aging cycles, rivet shank protrusions, de-
grees of upsetting of shop heads, squeezing tools, shank chamfer, etc., were
evaluated for 1000 -head rivets. In tbh final phase of this project limited pro-
duction experience with the over-aged rivets was obtained when the details of
heat treatment of rivets and fabrication of test panels had been agreed to by both
the Structures Design Group and the Production Department.

Even the best of the data obtained for the test requests listed above were re.-
peatedly marginal; that is, most of the data were satisfactory except for a few
individual specimens in a group and occasionally an entire group of six identical
specimens which exhibited shear strength values considerably lower than the ANC-5
requirements for "ice box" rivets.

This report presents the final phase of this project: a recheck on many of the
teat groups involving l00O-head rivets which, in previous tests, had displayed
an unacceptable degree of spread. The results of previous tests of aged rivets
are given in appendices to this report. **

* T.N.'s 56-191, 56-699, 57-201, 57-122, 57-479, 57-614, 57-922.

*• Appendices are not included at present, but will be added when available.

room I sleB04
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The object of this test is to determine whether 2024-T6 rivets I can be substitu-
ted for 2024-T31 rivets 2 in riveted joints.

1. The u shear strengths of riveted joints incorporating 1OO-head 202 4 -T6
rivets ,PI are approximately equal to the ANC-5 allowable values * for similar
joints employing 2024-T31 rivets2 (within ± 6%) except in the rivet-sheet com-
binations with low t/D ratios; the latter may have ultimate strengths 25% a-
bove the ANC-5 values.

2. The Ye strength in shear of riveted joints incorporating l00O-head 2024-T6
rivetsI,3 vary from 12% above to 21% below the ANC-5 allowable values* for
similar joints cmploying 2024-T31 rivets.

3. Artificially aged 2024-T6 rivets1 may have the upset heads driven to 1.33-
1.40 rivet diameters without producing rejectable cracked heads if the initial
shank protrusion is 1.05 - 1.15 rivet diameters.

RECOMMENDATION:

The adoption of artificially aged l00O-head 2024-T6 rivets1 is not recommended
because the data for this and all previous tests have exhibited too much "spread"
involving an excessive prop'rtion of values much lower than those specified by
ANC-5.

The specimens used in these tests were of the single lap-joint type which, when
tested in tension, result in a shear load on the fastener. The joints had two
fasteners positioned along the longitudinal center line of the joint. Sketches
of the test specimens are shown at the bottom of Tables I and II. The variable
dimensions of the specimens are given In these tables which also contain the test
results.

1. 2024 rivets artificially aged for 3 3/4 hrs. at 3980F. to 44 - 46 KSI shear
strength before driving.

2. 2024 rivets maintained ir. s,'Jution treqted condition until driving ("ice
box") rivets.

3. Initial shank pr','i- n o-: I .- - 1 .*1  rivet diameters; upset head

diameter equal tn 1.11 - 1. ' riv- Jiam't-r7.

"Strength of Metal Aircraift EKrmentsr', ANC-5 Bulletin, p. 122-123
(March 1955).
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Specimens were table-sawed from riveted panels (each panel yielded six specimens
of dimensions given in Tables I and II). These panels were bolted together for
drilling and countersinking of the rivet holes and were unbolted to remove chips
between the faying surfaces. The panels were bolted together again for driving
the rivetso. Portable air tools were employed in drilling and countersinking.
The depth of countersinking was controlled with stops on the countersink and with
gauges in the form of l0OO-head rivets which could be slipped into the countersunk
holes to measure the depth of the recess.

Solution treatment of rivets is given below:

TWERATURE TIME AT TD4PERATUREFUNC
9100 - 9180F. 35 minutes Recirculating Air

Solution treated rivets were quenched in water at 700F. upon removal from the
furnace.

For artificial aging the rivets were heated to 398M7. for 3-3/4 hours in a re-
oirculating air fumaee about 10 to 15 minutes after quenching from 910e - 91807.
The effectiveness of heat treatment was checked by means of control rivets which
were tested in double-shear in a fixture designed for that purpose.

"lce box" rivets were placed on dry ice in a Dewar flask within 3 minutes after
qanching from 9150-9200F. The rivets were dried with an absorbent gauze in
the 3 minute interval between quenching and freesing. The rivets were at - 520?.
(as measured by a copper-constantan thermocouple peened into a rivet) within 6
minutes after quenching. This is in accordance with Manufacturing Process
Specification 51.03r which requires a refrigerated temperature of loes than
* 100F within 10 minutes after quenching.

The rivets were squeeze driven to 1.33-1.40 diameters with a cone point set or
a universal set as noted in Tables I and II. Initial shank protrusion before
upsetting was 1.05-1.16 diameters. The cone-shaped recess in the cone point
set was .50 inches (max.) in diameter and .125 inches deep. Both upset and
maufactured heads were inspected for rejectable cracks.

The testing of the specimens was accomplished in a 120,000 pound capacity
Baldwin-Southwork Universal Test Machine. A mechanical A•WmmUt of pivoted
lever arms attached to the specimen and a dial gauge were used to measure
specimen elongation over a 4 inch gaupe length. A typical tensile test set-
up for riveted lap-joints is shown in rigure 1.

The specimen was loaded to 50 pounds or 100 pounds in the tensile machine
before attaching the strain measurinp device. Progressively higher test loads
were applied and then released to the 50 or 100 pound level where permanent
deformation was measured. The rate of load application was approximately
1000 pounds per minute.

pan" lg-
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R]SULTS UD DISCUSSIO•s

A. Shear strength of rivett I joints

The test data for each individual riveted specimen of T.N. 57-922 are presented
in Tables I and II. A suamary of average values for T.N. 57-922 in given in
Table V.

The test results include the ultimate and yield test load in pounds per fastener
and the type of failure. The ultimate load was the maximus load per fastener
carried by the test joint. The yield load of the test joints was determined as
the load at which the following permanent set across the joint occurred:

(a) .005 inches for 5/32" and 3/16" diam.o rivets.
.00625 inches for 1/4" diam. rivets.

The average shear values for the riveted joints of T.N. 57-922 (1000 -head 2024,-
T6 rivets) are compared with the ANC-5* allowable values for riveted joints
incorporating 1000 -head 2024-T31 rivets. (See Table V). This comparison re-
veals two conspicuously low yield values; namely, the average yield strengths
of$

(a) 3/16" diam. 2024-T6 rivets in. .063" thk. 7075-T6 sheet and
(b) 1/4" diam. 2024-T6 rivets in .160" thk. 2024-T3 sheet

are 13 - 21% below the ANC-5 allowable. A visual examination of the failed
specimens offered no explanation.

Bending of the lap joint and rotation of the fastener produced interaction
loadings with a variety of types of failures in specimens with tAD ratios
around 0.30. (See "Type of Failure" in Table I and II). II maybe noted from
Table V that specimens for T.N. 57-922 with t/D ratios around .030 had ultia-
ates about 25% greater than the ANC-5 allowable. The shear strengths of joints
where there is no possibility of interaction loadings of the rivets (for example,
the double shear test specimens of Report No. SG-1211) will vary from that
of the above specimens.

B. Shear strength of undriven rivets

The results of shear tests perfomed on the undriven control rivets for T.N. 57-922
in the T-6 condition and in the T-31 condition are given in Table III and IV,
respectively. Naturally aged T-31 wire has approximately the same ultimate
shear strength as the artificially aged T-6 wire (with± 3%). This suggests
that 2024 rivets naturally aged at room temperature and then driven to 1.33-
1.40 diameters might be equivalent in strength and cracking characteristics
to the T-6 rivets of this teat.

"C "Strength of Metal Aircraft Elements", ANC-5 Bulletin, p. 122-123 (March 1955)

V'OAM '0'S •A
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C. Rejectable cracks in driven rivets

Table V show* the frequency of rejectable cracks in T-6 rivets driven to 1.33-
1.40 diameters. Of the 354 rivets which were examined, only one shop head
and four manufotured heads were rejectably creaked. The single rejectable
shop head had been driven to 1.53 diameters. The large number of rejectabI6
beveled heads in the 5/32 inch rivets can be attributed to the cone point
set. Sinee the cone point was desipned for 1/4 inch rivets, the operator
had difficulty in centerinR the protruding shank of the 5/32 inch rivets in
the deep cone-shaped recess of the cone point set.

The data from which this report was prepared are recorded in Materials *&
Processes Lab. Data Book No. 3011 and 879.

'rOEM oOSeA
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TABLE I
RESULTS OF TBST8 ON RIVETED JOIWTS INCORPORATING iOOc-hAD RIVET8(d)

IN COUMNTSUNK HOLES IN 2024-T3 CLAD ALUUIUIM SHEET

Speelmes 8quese Rivet Hole Sheet Specimen dijimnsions YIELD .LT. TYPE of
$4entif. Set Diem., Diam., Thk,, 3 B W LOAD LOAD FAILURE

in. in. in. inches Pounds/ Pounds/ (o)

TS-o- 0 0- •am s/32  o.159 .050 5/e 5/18 1 3/16 --- 662 2-b
.4 ' 400 540 1-b

"4 e 357 495 2-&,2-h
-4 e 375 603 2-b,2-h
-5 U " 5 5 --- 610 2-b,2-h
-6 a " U - 533. 2-b 9 2-h

T3-0"6.-l Uiv.00() 5/8 5/16 1 1/A6 --- 650 1-4
-4 U U U 760 1-d
-5 " " -- " 787 2-b
-4 "u " U 5 273 775 1-4
-5 " . --- 808 2-d
-6 " 355 787 1-d

Avg. -Tff -W

T3-063-1 0 0n(a) 5/3 2  0.159 .063 S/8 5/16 1 3/16 472 60S 1-b. a a 9--- 0
"3 " " " 458 650 "

-4 e 405 628 a
- " " 450 635

- 91 U 505 637 "
Avg. -• -W

a) Rivets squeezed with cone point set to 1.33-1.40 diameters.
b Rivets squeezed with universal set to 1.33-1.40 diameters.
a So& page /.3 for desori~tion of failure.

d rivets aged to T-6 condition before driving (3 3/4 hrs. at 3980 F.)

Tes*" 5?&pIto1en

M.AwdS, /001cj4,

U(,sep #/ee'•

x -x



AAC N V A I R PAGE 7q~n• i•PINA• n• •/in••ID • •nl• ............. ........ ........... • NjlO~• A•P

p.~ mySAN Die" EVWOR 14O. 57-91
miim T WUAubs ldu MOME MR a8Bmy- my DAY 6-ao-5

TED I (oont'd.) (d)

RESULTS OF TESTS ON RIVETED JOINTS INCORPORATING 1000 -HEAD RITs
11 COUNTRSUNK HOLES IN 2024-T3 CLAD ALUMINUM OHM

Speolmen 8qtuses Rivet Hole Sheet Specimen dimensions (0) YIELD ULT. TYPE of
Identif. Set Diane, Diem., Thko, 8 a W LOAD N FAILURE

in. in. in. inches Pounds/ Pounds/ (o)
fastener fastener

25-on-1 coe(9) 5/s 2  0.159 .071 5/8 5/16 1 3/18 S58 700 1-a
-2 -- 720
-, U " " 525 680 "

-4 T O " --- 700
-5 f" " --- 752
-6 ' 543 810 "?3.M_3.1 M .v.(b) " 1 /16 520 875
-2 3 " " 526 908 "
-3 ' 482 877 "
-4 " ft 470 853 "
-5 " 490 847 "
-6 455 840 "

Avg. 508 o--

T--063-1 Co(a)$A' 0.191 .083 3/4 3/8 1 3/8 833 1245 1-b
.4 a "" 607 1320 w
4 2 65 1252 "

-4 f" ft "623 1270 "
0 U "t " "645 1288 "
w ft 582 1138 w

Avg. T UW

TS.,oo-1 3/S8 0.191 .080 3/4 3/8 1 3/8 --- 1185 1-a,
-4 U " f " --- 1197 "
,. U " U " 827 1195 w
-4 U " 910 1218 "
-5 845 1197 "

, 3 "818 1188 "
Avg. --M T

35,100, U 5/16 0.191 .100 3/4 3/8 1 3/8 945 1208 1-a
-4 't " 1038 1280 "45 f " " 920 1202 "

- -4 S " " 1012 1288 "
-5 w " 1002 1260 "-8 m " " 1000 1242

Avg.-• TR

a Rivets sqiiaesed. with oane point set to 1.33-1.40 dismeters.
b Rivets sqneesed with universal set to 1.33-1.40 diameters.
0 See page / for description of failure.
d " rivets aged to T-8 condition before driving (3 3/4 hrs. at 3980 F.)

4 pa1 e for specimen dimensions.

pow3 MA-A
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TABLE I (contid.)
RE8ULTS OF TESTS ON RIVETED JOINTS I1NCORPOPATINIG 100° WAD RIVETS(d)

IN COU1T3RSUNK HOLES IN 2024-T3 CLAD ALUUTIUM SIEET

Speeleeue Rivet Hole Sheet Speoimen dimensions(e) YIELD ULT. TYPE of
Z1eua t. Set Diem., Dinm., Thk., S a W LOAD LOAD FAILURE

in. in. in. Pounds/ Poumnd/ (o)
fastener fastener

T3-125-2A 0S(a)3/l 6  0.191 .125 3/4 3/8 1 1/8 1008 1260 14
-2B if " 1075 1255

-20 " " " 1012 1263
-3D " " " 1113 1275 "
-23" " "f 1072 1257 "
-IF " 1088 1285
-1 i" " 960 1273' "
-2 " " " 795 1240, "
-8 if " " 925 1197"

Avg. TW W6

T3-of-1 " 1/4 0.257 .071 1 1/2 1 7/8 920 2006 2-o,2-g
-2 847 2033 2-a,2-e
- " " " 878 2050 2-b,2-f
"-4 " 908 2090 2-b,2-t
-a " " " 902 2072 2-b,2-e
-8 " 987 2125 2-b,2-fAvg. -f I

?3-090-1 , 1/4 0.257 .090 1 1/2 1 7/8 953 2365 1-d
-2 " " 995 2360 "
-3 " " " 1182 2193 1-b
-4 " " 1075 2300 1-d
-5 " " 1088 2202
-6 " "" 1162 2250 "

Avg. TM IM

?3-125-* " 1/4 0.257 .125 1 1/2 1 7/8 1415 2197 1-4
-2 " --- 2215
-3 " " " 1410 2130 "
-4 " " 1417 2205
45 " " 1490 2220
-6 " " 1463 2213Avg. IM43 •T

T3-160-. ' 1/4 0.257 .160 1 1/2 1 7/8 1450 2315 1-a
-2 " " " 1552 2307 "
-8 " " " 1562 2305
-4 " i " 1345 2297 "

-5 " 1878-- 2328
-8 " iSoo 2343 "

Avg. !TM STM

(a) Rivets squseeed with *one point mot to 1.33-1.40 diameters.
See page /3 for description of failure.

(d) M rivets aged to T-8 condition before driving (3 3/4 hr.. at 3981F.)
(e) See page 6 for specimen dimensions.

m06w S~w-4



i •J.•lUC 0 N V A I R

PR.PAR&O M . REORT NO. -T57-90
mnmm Tmw Moo. wM 8w 8
Ummm Ir DATZ 6-.0-.8

TABL II(dRESULTS OF TESTS ON RIVETED JOiS INCORPORATING 1000-HUD RIVETS

1N COU N•SK HOLES IN P9 -TO CLAD ALUMIM SHE!!

Speooma Squesen Rivet Rol Shoeet Specimen dimensions YTIE ULT. TYPE of
Idenbif. Bet Dian. Dia., Thk., S E W LOaD LOAD FAILURE

in. in. in. inches Pounds/ Pounds/ (4)
fastener fastener

T6.oso-1 Cow(a)5/32 0.159 .060 s/8 s/ia 1 1/8 483 690 1-b
-2 " 517 773
-3 " 508 867
"-4 " a " U 435 733 a

5 . 492 760 "

Un,. -9 "I "9 495 697
T6-051-1 6 0.159 o051 5/8 5/6i 1 i/ia 315 653 a-2 373 785

3 - 355 787
4 it a a 300 783 ""

-5 19 " 317 805
-6 " " 313 767 "

Avg. -MT w

To-063-1 Con, (a)%$* 0.159 .0o3 5/8 5/ia 1 1/8 430 740 1-b
a2 508 813"- 3 512 845 a

-4 460 735

"" 593 867
-6 " " 520 783

To-083-1 u,.,4b) 5/ 32  0.159 .063 s/8 5/ia 1 1,/i 377 886-2 a 325 875 a
-3 " " " a 450 877 "
-41" a a 400 808 a
4 19 19 " 430 847
-4 a 388 790 "

Avg. -

!a) Rivets squeezed with ooae point set to 1.33-1.40 diameters.
) Rivets squeezed with universal set to 1.33-1.40 diameters.

a See page /3 for description of failure.
di rivets aged to T-6 condition before driving (3 3/4 hr.. at 3980 F.)

X-x
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TABLE ZI (oont'd.)

RESULTS OF TESTS ON RIVTED M0INTS INCORPORATING 1000-M&D RIVETS(d)
IN COUNTERSUNK HOLES IN 7075-T6 CLAD ALUIIIUM SHENT

Speoiin Squeeze Rivet Bole Sheet Speoimen dimensions(*) YIELD ULT. TYPE of
Idontif. Set Diam., Diam., Thk., S 3 W oWN L4AD FAILURE

in. in. in. inohes Pounds/ Pounds/ (0)
fastener fastener

To-071- Con(')5/32 0.159 .071 5/8 5/16 1 1/8 560 830 1-&-2 •. . w608 , 840 "
-3 590 843
-4 842 835
-5 ' 520 792 "
-6 " 635 853 "

T6-071-1 5/8 5/16 1 1/16 570 840
"2 " 618 880 "
-3 " 697 877 "
-4 " " 610 863
-5 " 650 880 "
"- "" 633 875

Avg. T

T6-063-1 3/16 0.191 .063 3/4 3/8 1 1/16 478 998 1-b
-2 " 450 950 "
-3 3 430 775
-4 " " 482 1050 "
-5 " " 443 1150 "
-6 " " 490 1050 "

T6-03-1 " 3/4 3/8 1 1/8 --- 1075
-2 " " 450 1087
-3 i 492 1088 "
-4 "" " " 498 1172
-5 " " 450 1015
-8 " 652 1225 1-cAvg. *• F6

T6-080ý1 3/16 0.191 .080 3/4 3/8 1 3/8 845 1118 1-a
"-2 " " " 840 1125
"-3 " " 900 1090
"-4 " " " 820 1090 "
"" 3 " " " 805 1112
"-6 " " " 900 1118

Avg. T TMh

i Rivets squeesed with oone point set to 1.33-1.40 daimeters.
See page /3 for description of failure.
2M rivets aged to T-6 condition before driving (3 3/4 hr.. at 3980 F.)

(s) See page "-' for specimen dimensions.

Few 6184,
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TA:2 II (cont'd.) (d)

RMSU•LTS Or TEST 01' RIV73TID J 1JOIT3 ICCRPOP.ATIi I00°- D iIVZT(d)
IN COU1EMRSUNK HIOLTS 1' 7075-T6 CLAD ALU. :IjIrJ m. S T

Specimen Squeeze Rivet Hole Shoot Speciien diriensions(a) Yi.3a ULT. TYPF of
Identif. Set Diam. Diuaa. Thk., S E -1 LOAD LOAD i'AIL URI

in. in. in. i:-coes Polmds/ Plunds/ (c)
fastener f as tener

T6-100-1 Cone(a)Z/ 1 6  0.191 .100 3/4 3/8 1 3/8 988 1138 1-R
"-2 " T TV 980 1162 "
"-3 " " " " 107 1210 "
-4 TV t "t 983 1120 "
-5 V IT 1000 11C0 "

-6 IS V " " 990 1160 "

AvG. 9" 11

T6-125-2A 3/16 0.191 .125 3/4 3/8 1 1/16 1110 1260 1-a
-2B " IT "t It 1078 1283 "
-2C " " n " 1035 1275 "
-2D " " " I 1067 1260 "

-2E It ?I I " 1060 1257 "
-2F V "t It 1045 1248 "

-1 1 "1 " 1i /8 1020 1215
-2 " " " " 798 1250 "

-5 If V " T 942 1155 "

Avg. =T T

T6-072-1 " 1/4 0.257 .072 1 1/2 1 7/8 908 1850 2-a
-2 " " It 900 2220 2-b
-3 It V " 885 2030 2-b
-4 "It T ---- 2078 1-d
-5 " I " " 897 1707 1-b
-6 TV " 1 It 895 2243 1-d

Avg. 997 f

T6-090."1 A 1/ 0.257 .090 1 1/2 1 7/8 940 2135 1-b
-2 " " f 1133 1953 "
-3 " TV 1025 1997 "
-4 " " It 937 2035 "
-5 " " " " --- 2060 "
-6 " " " " 1080 1893

Avg. TM

(a) Rivets squeezed with cone point set to 1.33-1.40 diameters.
(o) See page /3 for description of failv.ro.
(d.) 1034 rivets aged to T-6 condintion before driving (3 3/4 hrs. at 3980 F.)
(e) See page 9 for specinen dimensinns.

,Oe saM O -l',,
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TABLS II (cont'd.) 0T(d)

7-~r IlCORPORAT --MA100 -:iT3AD
R.-!SULTS OF TE3STS ON '-'I:,T-ý) JCII3 ICOP}TIYGC 100°-[YA IESd

IN COUTERSU!1 HOLES IN 7075-T6 CLAD ALl'IlIU", 3TST72T

Speoimen Squeeze Rivet Hole Sheet Specimen Dinensions(e) YI.LD ,LLT. TYPZ ,f
Identif. Set Diam4. Diam., Thk., S M ; LOAD LOAD / AILUIB

in. in. in. inches Pounds/ 0ounds/ (c)
fastener fastener

T6-125-1 Cone(a) 1/4 0.257 .125 1 1/2 1 7/8 1445 --- 1-a
-2 " It --- 2250 "
- t "i 1420 2155 "

-4 " I 1475 2223 "-5 I T of 1470 2230 "-6 " 5 ,,. , 1593 2202 "Avg. =

T6-160-1 " 1/4 0.257 .1i0 1 1/2 1 7/8 1740 2288 1-a
-2 " " "600 2265
-3 It IV 1515 2232
-4 f 1675 2240 "

-5 "I 1753 2255 It

-6 " " " 1737 2303Avg. •

(R) ivets squeezed with cone point set to 1.33-1.40 clia"ieters.
See page /3 for description of failure.

(d) 2024 rivets aged to T-6 condition before driving (3 3/34 hrs. at 3980 F.)
(e) See page f for specimen dimensions.
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TYPE OF FAILtR

The types of failures, referred to in rables I and I, are as f-Ilovs:

1. Shear failure of both fasteners thru cross-section of shank

a. Vith no Aoticeable deformation of the hole.

b. With noticeable elongation of the hole where the rivet
flattened the knife edge created by countersinking.

o. W7ith very slight elongation of hiole and only slight flattening
of the knife edge created by counterainkin;.

d. Vith noticeable elongation of the hole where the rivet
flattened the knife edg~e creat3d by co -riersinL0ing whick
allowed some rotation of the fastener ••d sibsc-j:lnt
"dimpling" (slight) of the non-coimteruk sheet.

2. Initial sheet bearing failure follovwed by:

a. Rotation of rivets ana belrlin2 of the joint.causing 1000 -head
to chip and shear along thm axis of the rivet.

b. Rotation of rivets and beudin,- o' tho joint ?rith shenr thru
the shank of one rivet and shear thru the 100%-head of the
other rivet (along the axis cf the rivet).

o. Rotation of rivets and bending -)f the joint causing seveire
elongation of on, countersunk hole aund shear out of the
countersunk sheet thru the edge -.ar;in of the other hole
(fastener pulls through sheet chipping out pieces of the
100 0 -head).

d. Rotation of rivetv and bending of the joint causing 100°-head
to curl up & chip & pull thru sheet without tearing sheet.

e. Shear out of the counturaunl: sheet through edge narGin.

f. Tearinr of the sheet around ccuntersur2k holes.

g. Tearing of sheet arourt non-cooltersuxik holes.

"h. Foldinr; under and tearing out of the knife edge created by
counteriinlýing.

r~emM s-,%
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TABLE III
MCH&TICAL PROPEWTI;S OF TjiDRIViN 2o14-T6(a)RIVET8

Identif. RIVET DIAM. C.S.A.(d) ULTITATE Average Guaranteed

Nominal Measured in. 2  Load(b) Strenl h(Co) Strength •'inimum
in. in. pounds psi. psi. psi.

B1-Doo.16 5/32 .156 .01910 1780 46,600

TB-Deo.18 0 If 1720 45,050
"1 "1720 45,050
I """1750 45,800

1760 46,100
" 9 It I 1730 45,250

BB-DsooI8 " "11 17Z5 45,400
""9 I " 1730 45,250 45,n50 44,000

B2-Deo.16 3A6 .186 .02716 2475 45,650
TB-Deo.17 " " 2422 44,000

"" 2440 44950
" " V 2425 44,650
19 I "2457 45,300

BB-DoO.17 "" "" " 2488 45,850
w" 2500 46,100

2465 45,400
9 1 1 9 2487 45,850
w 0 1 I 2490 45,900

TB-Deo.18 " " 2580 47,550
"1 "2610 48,150
I "2580 47,550

BB-Do.18 "I 2550 47,000
T 2600 47,800 46,100 44,000

Bl-Dso.16 A/4 .250 .04906 4460 45,500
B2-Do.16 " " "380 44,700
E3-Deo.16 " 4500 45,900
TB-Deo.I7 " " 4410 45,000

4445 45,300
V " "" 4460 45,500

BB-Doo.17 " 4520 46,150
" " " 4545 46,300
N If " "4515 46,000

TB-Deo.18 " " 4450 45,350
10 I "4610 43,950
"1 "4680 47,700

BB-Doo.18 " " 4730 48,200
" I " "4745 48,400

I 19 4600 47,800 46,300 44,000

SQusnohed and &Cod at 3980 F. ror 3 3/4 h-oury.
Ultinate load for double-shear on one rivet.
Ultimate strength in single-shear.

(4) Omu.eotiomal area ot rivet.

'sm M SU
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TABLE IM

Idenait. RIVET DIAM. C.S.A(d) 7JLTII-IAT". Avergp Guaranteed
Nominal 1Jeasured Load( b Strength(e) Streni~rth '!iniruum

in. in. in. 2  pounds psi. 'si. psi.

31-Jan.29 3A6 .1873 .02755 2475 44,915
"" " "2500 45,365

"2500 45,3G5
2400 43,550
"2450 44,460

"f " ""2400 43,550
32-Feb.27 24 0 44,G40

"2440 44,2-0
"t " " 24C0 44,340

"2520 45,730
"2500 45,365

33A''eb.3 " 2520 45,730
"2500 45,3635

E5-Fb. ""2520 45,7-,0
"f " "2480 45,005

"2430" " " C C0 5
E7-Jan.28 2460 44,340

"I 2400 43,550
"2400 43,550 44,750 43,000

El-Jan.29 1/4 - ,2502 .04915 4475 41,510
"4475 45,510

"I "4520 45,965
E3-Feb.3 " 4520 15,965
MA-Feb.19 4540 46,170

"4560 46,370
"4530 45,3c0

E5-Feb.3 " " 4560 46,370
.4540 46,170
"4520 45,965 43,060 43,000

(a) "Quenhed & frozen to -1000 F.; then naturally a,ýed it roo.- to:,ere.Y r' 2or two,
Weeks.

(b) Ultimate load for double-shear on :n- rivot.
(O) Ultimate strength in single-sheer.
(d) Croee-sectioal area of rivet.

PS. "fM-4
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The O'esrew' referred to In~ Table V are as followst

1. So sorask.

t. Non-re~sotable, radial oraoks In shop beads.
s. Very slight har-lime oraoku.

be Greater than 3-a.

5. Non-rejeotable ohipped shop head.

4. Rejeotable oraoWe manumutotured beads.

S. Rejeotable, radial oraoku In shop head $vs to upsetting to greater

them 1.40 diameters where

01876 *2625

0250 .350
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TEST OF ARTIFICIALLY AGED 2024 ALUMINM ALLOT RXVI'

The object of this appendix is to present and discuss the tasts conducted on
aged 2M4 rivets between the ones presented In Reports No. 56-191 and 57-922.

In each instance, the test spLn consisted of a lap joint of two strips
of aluminum alloy shoot nearlo y alway of "ld77O75416 sheet, with two centered
tandem rivets spaced at four rivet diameters, and with two diameter@ edge distance.
Sam of the rivets were gun driven and soaw were squosoed. Some had universal
heads and sonm had 1000 flush heads. The effeots of initial shank protruslon,
driven head diameters and of variations in the overaging cycle were also chooked
by these lap joint tests. The results of all these tests are presented in Tables
1 to U4 inclusive, of this appendix.

A great man simple shear tests were also conducted, primaily to check the
effect of variations In the temperature and time of the agn cycle on the shear
strength. But these data have not been assemblod for presentation in this appendix.

The contributions of these various effects in causing rejectable cracks in the
rivets my be noted by means of the foelowing percentages:

1. Considering a suration of all the rivets tested, 8.375% had one or mae
rejectable cracks.

2. Considering the method of driving, we find that 9.16% of the aquae"e
driven rivets and 5.72% of the gun driven rivets had rejeetable cracks.

3. Considering the effect of head sise we find that driving them to 1 1/3
shank diameteu caused 1.93% and that driving them to 1 1/2 shank diantere caused
15.2% to have rejectable cracks.

A. Considering the effect of the amount of initial shank protrusion we
find that a protrusion of 1 - 1 1/3 shank diameters resulted in 5.19% of rejectable
cracked rivets, while one of 1 1/3 to 1 1/2 diameters resulted in 15.83%.

5. Considering the effect of the rivet shank diamter, we find the following
nmbers of rejectable cracked rivets in term of percent:

1/80 rivets - 5,45%
5/32" rivets - 6.84%
3/16". rivets 9 9.25%
1/4l rivets 5.7A,%

00*1 loet-,%
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In Table 14 are Iaesented the test results for each aging cyole investigated.
Then data Include not only a susry of the percentages of rejectable Craceod
rivots, but in each case, inoludes also the percentage af specimns when average

test strengths did not equal the design strengths listed In AIC-5. The best one,
if you eliminate the cycles for thieh lose than 10 tests wore msde, would be to
age at 39507. for 4 hoiur. Bt when the necessity of permitting some tolerance
In hbet treating, a 1 50F. in temperature and 1 10' in tim., is oo•sidered, it is
obvious that the rejection rate will be so high that the averaged 2024 rivet, as a
substitute fto the Ice Dozed 2024 rivets, eannot be tolerated in our Shops.

I
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